Introduction
Mossman (1937) defined the mammalian placenta as "an apposition or fusion ofthe fetal membranes to the uterine mucosa for physiological exchange". Previous work has shown that size ofthe placental blood supply is a primary determinant of the rate of physiological exchange between the maternal and fetal systems (Bell et al, 1986; Reynolds et al, 1986; . Conditions associated with reduced rate of fetal growth (e.g. maternal genotype, increased numbers of fetuses, maternal nutrient deprivation, environmental heat stress) are also associated with reduced rates of placental blood flow and fetal oxygen and nutrient uptakes (Wootton et al, 1977; Morriss et al, 1980; Reynolds et al, 1985a, b; . Reduced rate of fetal growth can lead to decreased birth weight, which has a major impact on neonatal survival and growth (Record et al, 1952; Anderson et al, 1978; Fahmy et al, 1978; Huffman et al, 1985) . Factors which influence placental vascular development are therefore likely to play an important role in fetal growth and development and, ultimately, in growth and survival of the neonate.
When tissues were obtained from cows at mid-gestation, only maternal and not fetal placental tissues secreted angiogenic activity (Reynolds et al, 1987b) . This observation led to the proposal that the maternal placenta may direct placental vascularization. However, fetal tissues may modulate placental angiogenesis, and the site of production of placental angiogenic factors may change with stage of gestation. Some evidence exists in support of these proposals, since angiogenic activity has been found only in the maternal portion (decidua) and not the fetal portion of the human placenta at mid-gestation (Fuchs et al, 1985) , whereas others have reported angiogenic activity in human fetal membranes (amnio-chorion) and placental cotyledons at term (Burgos, 1983) . In studying placental tissues of ewes, we found that maternal endometrium secreted angiogenic activity early in gestation, but only fetal cotyledonary tissue secreted angiogenic activity late in gestation (Reynolds et al, 1987a;  unpublished observations).
The purposes of this study were to determine which placental tissues secrete angiogenic activity, something of the nature of this activity, and whether the site of production or the type of activity change with the stage of gestation.
Materials and Methods
Samples (~2 g) of maternal (caruncular) and fetal (cotyledonary) portions of the placentome, intercaruncular uterine endometrium and intercotyledonary chorioallantois were obtained from cows on approximately Days 100 (103 ± 0-7, = 4), 150 (151 + 0-5, = 5), 200 (200 ± 1-2, = 6) and 250 (250 + 0-5, = 6) of gestation. Minced expiants (141 + 7-9 mg) of each tissue were incubated as described previously (Reynolds et al, 1987b) . To ensure relatively pure preparations of maternal and fetal placentomal tissues, contaminating tissue which was visible during mincing was removed. In addition, in a previous study (Reynolds et al, 1987b) (1987b) . For the proliferation assay, BAEC were preincubated for 24 h in 24-well plates (20 IO3 cells/well) in medium containing 20% serum. After preincubation, medium was changed to serum-free medium containing 27% unconditioned (control, 3 wells/ plate) or 27% conditioned (3 wells/tissue) expiant medium. The number of BAEC in each well was determined 72 h later by using a Coulter counter. For the migration assay, 48-well microchemotaxis chambers were used. The bottom portion of each well contained unconditioned expiant medium (control, 4 wells/chamber) or unconditioned medium containing 20% conditioned expiant medium (4 wells/tissue). The top portion of each well contained 65 IO3 BAEC in unconditioned expiant medium. After incubation, the number of migrated BAEC was determined for each well by using a computerized image analysis system (Image Technology Corporation, Deer Park, NY) with a Microphot-FX upright microscope (Nikon, Tokyo). Conditioned media were also evaluated for their abilities to stimulate prolifer¬ ation of BALB/3T3 cells (cell line CCL 163; American Type Culture Collection, Rockville, MD). Procedures used for the 3T3 proliferation assay were identical to those used for the BAEC proliferation assay.
To determine approximate molecular weights of angiogenic activities, pools of conditioned media from caruncular tissues at each stage of gestation and also from intercaruncular endometrium at Day 100 were made. Each pool contained conditioned media from 4-6 cows. A sample (2 ml) of each of these pools was subjected to ultrafiltration as described by Reynolds et al (1987b) to obtain fractions of Mr ( IO3) < 10, > 10, <30, >30, < 100 and > 100. These molecular weight range fractions were utilized in the BAEC proliferation assay (3 wells/fraction).
Data were analysed statistically by using least-squares analysis of variance, with effects of stage of gestation, tissue andstage tissue interaction included in the model (SAS, 1985) . When the F-test was significant (P < 005), differences between specific means were evaluated by using Bonferroni's / test (Kirk, 1968 
Results
Effects of explant-conditioned media on proliferation of BAEC varied across stage of gestation (P < 0T0) and among tissues (P < 0-01), and a stage of gestation tissue interaction (P < 001) also was observed (Fig. 1) . Media conditioned by caruncular expiants stimulated (P < 001) proliferation of BAEC compared with unconditioned media, and this mitogenic activity did not change with stage of gestation (Fig. 1) (Fig. 2) . Migration-stimulating activities of conditioned media from all tissues increased (P < 001) from Days 100 to 200 and then decreased (P < 005). Conditioned media from caruncular tissues stimulated (P < 001) migration of BAEC on Days 150, 200 and 250 compared with unconditioned media (Fig. 2) . Conditioned media from intercaruncular endometrium inhibited ( < 005) migration on Day 100 and stimulated (P < 005) migration on Day 200, whereas conditioned media from intercotyledonary tissues stimulated (P < 001) migration on Days 200 and 250 of gestation (Fig. 2) . Media conditioned by cotyledon tissue inhibited (P < 001) migration of BAEC at all stages of gestation when compared with unconditioned media controls (Fig. 2) .
Across all days of gestation, pools of caruncular-conditioned media exhibited angiogenic activity in fractions with M, > 10 000, > 30 000 and > 100 000 but not in fractions < 10 000, < 30 000 or < 100 000 (Table 1) . Angiogenic activity of media conditioned by intercaruncular endometrium from Day 100 of gestation also seemed to be of M, > 100 000 ( (Shepro & D'Amore, 1984; Folkman & Klagsburn, 1987) . It has been proposed that these in-vitro bioassays provide an indication of factors which have direct effects on endothelial cells in vivo (Folkman & Klagsburn, 1987) . In previous studies ofbovine placental tissues from mid-gestation, the presence of angiogenic activity in vitro was associated with ability to induce neovascularization in vivo of the chick chorioallantoic membrane (Reynolds et al, 1987b) . Likewise, in evaluating angiogenic activity of bovine luteal tissues, Redmer et al (1988) found close agreement between in-vitro and in-vivo bioassays. It seems reasonable to suggest, therefore, that angiogenic activities observed in the present study may be involved in regulating development of placental microvasculature in vivo.
In agreement with our previous work in which mitogenic activity of bovine caruncular tissues from mid-gestation was of Mr > 100 000 and heat labile (Reynolds et al, 1987b) , mitogenic activity of caruncular tissue (all stages of gestation) and intercaruncular endometrium (Day 100) in the present study was of Mt > 100 000. Caruncular and intercaruncular tissues of sheep from early pregnancy (Days 12-22 after mating) also secrete activity which is mitogenic for endothelial cells and in the same molecular weight range (unpublished observations). The tissues of cow and sheep maternal placenta therefore may secrete a similar angiogenic factor. Whether this factor resembles that reported for human placenta (Burgos, 1983; Buki & Seppa, 1984) or the many angiogenic factors reported for other tissues (Folkman & Klagsburn, 1987) (Denekamp, 1984; Folkman & Klagsburn, 1987 It has long been recognized that rapid growth of microvasculature is an important process in placental development (Hertig, 1935; Barcroft, 1946; Teasdale, 1976 (Denekamp, 1984) . In the cow, caruncular vascular development continues throughout gestation (Hutchinson, 1962) . Rates of uterine and umbilical blood flows also increase throughout gestation (Reynolds et al, 1986 ). In addition, rate of placental blood flow is an important determinant of the rate of transplacental exchange (Bell et al, 1986; The present paper and also a previous report (Reynolds et al, 1987b) indicate that stimulatory angiogenic activity is produced primarily by maternal placental tissues. By using various techniques (e.g. reciprocal matings or embryo transfers between breeds), it has been shown that the maternal genotype has a profound influence on fetal growth (Walton & Hammond, 1938; Venge, 1950; Hunter, 1956; Joubert & Hammond, 1958) . In addition, the maternal system appears to have a limited ability to support fetal growth (Barcroft, 1946; McKeown & Record, 1953; Alexander, 1964; Anderson et al, 1978 
